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Abstract

Hypertension (HTN) is a major worldwide health issue for which only a small proportion of cases 

have a known mechanistic etiology. Of the defined causes, none have been directly linked to 

heightened vasoconstrictor responsiveness, despite the fact that vasomotor tone in resistance 

vessels is a fundamental determinant of blood pressure. Here we reported a previously 

undescribed role for smooth muscle hypoxia inducible factor 1α (HIF-1α) in controlling blood 

pressure homeostasis. The lack of HIF-1α in smooth muscle caused hypertension in vivo and 

hyper-responsiveness of resistance vessels to angiotensin II (AngII) stimulation ex-vivo. These 

data correlated with an increased expression of angiotensin II receptor type I (ATR1) in the 

vasculature. Specifically, we show that HIF-1α, through peroxisome proliferator-activated 

receptor-γ (PPARγ), reciprocally defined ATR1 levels in the vessel wall. Indeed, pharmacological 

blockade of ATR1 by telmisartan abolished the hypertensive phenotype in SMC-HIF1α-KO mice.

These data revealed a determinant role of a smooth muscle HIF1α/PPARγ/ATR1 axis in 

controlling vasomotor responsiveness and highlighted an important pathway, the alterations of 

which may be critical in a variety of hypertensive-based clinical settings.
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Introduction

HTN is highly prevalent worldwide, affects ~30% of the US population, and is a major risk 

factor for cardiovascular, renal, and cerebrovascular disease 1, 2. The vast majority of human 

HTN is of undetermined etiology, with no clearly defined genetic or mechanistic cause.

Many experimental and clinical studies have established that the renin-angiotensin-system 

(RAS) and its downstream component AngII play a key role in cardiovascular 

homeostasis 3, regulating vasoconstriction, sodium reabsorption, and renal blood flow. 

AngII can also control the growth and proliferation of vascular smooth muscle cells 

(VSMC) 4, 5, and endothelial cells 6, 7. ATR1 activation mediates AngII effects on BP and 

osmoregulation 8, and constitutes the link between the RAS and the pathogenesis of multiple 

cardiovascular disorders, including hypertension, atherosclerosis and congestive heart 

failure 9, 10. Conversely, AngII receptor type II (ATR2) 11, a distinct isoform, is poorly 

expressed compared to ATR1 and may counteract the effects of ATR1 activation 7, 12, 13.

Focus on the role of RAS in HTN has been directed largely at AngII levels and the 

determinants thereof. Much less attention has been paid to the determinants of ATR1 levels 

and activity in the vasculature. Pharmacological and endogenous activators of PPARγ have 

been shown to decrease ATR1 expression in VSMC in vitro and to attenuate responses to 

AngII 14. Interestingly, dominant negative mutations in the human PPARγ gene are linked to 

severe early onset hypertension and insulin resistance 15, 16. Indeed, PPARγ agonists 

decreased BP and improved vascular function in several animal models of 

hypertension 16–18, clinically reducing BP in diabetics and in patients with insulin 

resistance 19.

The HIF pathway coordinates expression of a wide array of genes with oxygen availability 

and other parameters, and has a key role in multiple pathological processes 20–22. Although 

HIF-1α induces PPARγ expression in cardiac muscle 23, whether these pathways intersect 

and play a combined role in the vasculature has remained unestablished. In vitro studies 

show biological effects of HIF-1α in VSMC 24, 25; however, the role of HIF-1α in VSMC in 

vivo remains largely unknown, although oxygen content and metabolic substrates are known 

to significantly affect vascular tone. Here, we show that conditional deletion of HIF-1α from 

VSMC in mice caused increased systolic, diastolic and mean arterial BP under physiological 

conditions, and accentuated wall thickness and wall thickness-radius ratio in the mesenteric 

artery (MA), with no effects on vessel counts or heart function. Ex-vivo experiments 

demonstrated a specific hyper-contractility of SMC-HIF-1α-KO vs. control MA to AngII. 

Mechanistically, the loss of HIF-1α in VSMC reduces PPARγ expression, thereby 

increasing the expression of ATR1 in the vasculature, with no effect on the circulating Ang-

II levels. Indeed, a pharmacological blocker of ATR1, telmisartan (telm), reverted the high 

BP in SMC-HIF-1α-KO to the level of WT mice, suggesting that ATR1 plays a critical role 

in the onset of hypertension in this mouse model. Thus, our findings underscore the critical 
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role of VSMC HIF1α/PPARγ/ATR1 axis in BP homeostasis and highlight an important 

pathway the alteration of which may be critical in a variety of hypertensive-based clinical 

settings.

Methods

Male 8- to 14-week-old congenic SMC-HIF-1α KO mice and their sex and age matched 

HIF-1α WT littermates were used for all experiments. These lines were created by crossing 

HIF-1α floxed allele mice26, into SM22α-Cre mice (Tagln-Cre 1Her/J, The Jackson 

Laboratory, Bar Harbor, Me; cat. 004746; Fig. 1A). SM22α-Cre mice were also crossed 

with HIF-2α floxed allele mice (Jackson Labs; cat. 009674) to create SMC-HIF2α KO mice. 

All lines were backcrossed for at least 10 generations into the C57BL6 background. All 

experiments were approved by the Institutional Animal Care and Use Committee of Yale 

University.

Left ventricular hemodynamic measurements

SMC-HIF-1α-KO and HIF-1α-WT male mice were anesthetized as aforementioned and left-

ventricular hemodynamic measurements were performed in a closed-chest preparation. A 

1.4 French transducer-tipped catheter (Millar Inc., Houston, TX) was placed through the 

right carotid artery in the LV. Pressure and volume signals were digitally recorded at 1,000 

Hz (Sciences Inc). A solution of dobutamine was infused via left jugular vein at graded 

doses (0.125, 0.25, 0.5 and 1 ug/kg body weight), each for 3 min. LV peak pressure, 

including high-fidelity positive and negative dP/dt (dP/dtmax and dP/dtmin), were 

calculated with analysis software (LabScribe2, iWorx, CB Sciences Inc.).

Detailed methods are provided in the online supplements.

Results

Generation of SMC-HIF-1α-KO mice

Floxed HIF-1α was excised from VSMC by using a sm22α-Cre transgenic mouse line27. 

Progeny homozygous for HIF-1α deletion (SMC-Cre+ x HIF-1αloxP/loxP) were designated 

SMC-HIF-1α-KO. The two separate controls used, SMC-Cre+ x HIF-1αwt/wt (control 

genotype for the data presented) and SMC-Cre- x HIF-1αloxP/loxP showed no phenotypic 

differences.

SMC-HIF-1α-KO mice were born at expected Mendelian ratios with normal litter sizes, 

morphology and body weight. HIF-1α mRNA was reduced by approximately 90% in 

isolated SMC-HIF-1α-KO VSMC. A marked reduction was also observed in the thoracic 

aorta and heart, while no differences were observed in lung, kidney and blood (Fig. 1B). We 

also crossed Sm22α-Cre mice into double-fluorescent membrane-Tomato/membrane-Green 

(mT/mG) mice, a well-described indicator strain (The Jackson Laboratory, Bar Harbor, Me; 

cat. 007676). In the absence of Cre, cells expressed only the mT cassette (red fluorescence), 

while Cre+ cells expressed mG cassette (green fluorescence). As shown in Fig. 1C EGFP 

expression is restricted to VSMC in aorta, carotid, heart, lung, liver, kidney and brain, 

without evident expression in non-vascular smooth muscle or in the endothelium. These 
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results are consistent with efficient gene deletion in the smooth muscle-rich aorta, and with 

the previously reported propensity of Sm22α-Cre to also direct gene deletion in cardiac 

muscle.

SMC-HIF-1α-KO mesenteric arteries were hyper-responsive to AngII ex-vivo

Morphometric analysis revealed significantly increased wall thickness and wall thickness/

lumen radius ratios in MA (Fig. 2A–B), but not aorta and carotid (Fig. 1S) in SMC-HIF-1α-

KO vs. HIF-1α-WT mice. We next focused on the functional effects of VSMC HIF-1α 

deletion, analyzing isolated MA using a vessel myograph system (DMT-USA, Inc.). Forces 

were expressed as a ratio of the maximal response to KCl (60 mM; 0.801±0.098 g and 

0.700±0.097 g, SMC-HIF-1α-KO and HIF-1α-WT respectively; n=7 per group). The 

magnitude of contractile response to AngII in SMC-HIF-1α-KO MA was 2.25-fold higher 

than MA from HIF-1α-WT mice (0.785±0.150 and 0.349±0.080 respectively; n=7 per 

group, Fig. 2C). High doses (≥30 nM) of AngII induced the same degree of paradoxical 

vasodilatation in both groups (due to a previously reported tachyphylaxis effect and ATR2-

mediated effects) 28. There were no differences between KO vs. control vessels in PE and 5-

HT-induced contraction (10 nM to 30 μM; Fig. 2D–E); in Ach-induced endothelial nitric 

oxide-dependent relaxation, or in Isop-induced β2 adrenergic receptor-mediated 

vasorelaxation (Fig. 2F–G). These ex-vivo data strongly suggested a specific role of VSMC 

HIF-1α in regulating vascular contractility to AngII.

The loss of HIF-1α in VSMC increased systolic, diastolic and mean BP in vivo

Functional studies of the loss of HIF-1α in VSMC on BP in vivo revealed a significant 

higher systolic BP (SBP), diastolic BP (DBP), and MBP in SMC-HIF-1α-KO versus 

HIF-1α-WT mice (Fig. 3A–C). Given that our ex vivo data clearly supported a role of 

VSMC HIF-1α in regulating the responsiveness to AngII, we next evaluated the BP 

response to increasing doses of AngII, in absence and in presence of telm in vivo. 

Intravenous administration of AngII induced a dose-dependent increase in MBP in both 

groups, although MBP in HIF-1α-WT never reached the values of MBP in SMC-HIF-1α-

KO mice (Fig. 3D). Telm treatment normalized basal MBP in SMC-HIF-1α-KO mice, 

resulting in a nearly 3-fold reduction in MBP compared to controls (Fig. 3E), consistent with 

our ex vivo studies on isolated MA (Fig. 2C), suggesting a clear role for ATR1 in the basal 

hypertension observed in SMC-HIF-1α-KO mice. Circulating levels of Ang-II determined 

by ELISA were not different between the two groups of mice (Fig. 3F). Taken together, 

these results suggest that HIF-1α is directly involved in controlling the vascular tone and 

thus BP under physiological conditions, by tuning the vascular reactivity to AngII through 

its ATR1 expression.

Increased SBP, DBP and MBP are not attributable to cardiac function in SMC- HIF-1α-KO 
mice

Developmentally, SM22α is expressed in cardiac muscle as well as VSMC. Thus, SMC-

HIF-1α-KO mice exhibit HIF-1α excision also in the heart (Fig. 1B). Heart/body weight 

ratio, an index of cardiac hypertrophy, was increased in SMC-HIF-1 α-KO vs. control mice 

(Fig. 4A), with no evidence of fibrosis (Fig. S2). Echocardiographic analysis of lightly 
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sedated mice corroborated hypertrophy, showing increased IVS thickness in the absence of 

HIF-1α, whereas LVDd and LVSd, ejection fraction (EF) and FS were unchanged between 

KO and control mice (Fig. 4B–C). Hemodynamic studies at baseline and in response to 

dobutamine, a β-agonist, showed no differences in the dP/dTmax or dP/dtmin (maximum rates 

of left ventricular pressure rise or decrease - respectively), or in heart rates between these 

groups (Fig. 4E–G), establishing that the increase in BP in SMC-HIF-1α-KO mice is not 

due to altered cardiac function, but is likely due to increased vascular tone. Consistent with 

this, we have previously reported that cardiac myocyte-specific HIF-1α gene deletion did 

not increase systemic BP, though did induce mild reductions in cardiac contractile 

indices 26.

VSMC ATR1 expression is tightly controlled by a HIF-1α-PPARγ axis

ATR1, but not ATR2 (data not shown) mRNA was markedly higher in isolated VSMC, 

thoracic aorta and hearts from SMC-HIF-1α-KO mice as compared to controls (Fig. 5A). 

ATR1 expression was significantly increased in SMC-HIF-1α-KO aortas compared to 

controls as shown by Western blot (Fig. 5B–C) and confirmed by immunostaining for ATR1 

on aorta cross-sections (Fig. S3). Immunostaining of MA cross-sections showed a 

concomitant increase of ATR1 in the absence of HIF-1α (Fig. 5D), suggesting that a 

reciprocal relationship between HIF-1α and VSMC-ATR1 expression was the fundamental 

underlying mechanism for the vascular hyper-reactivity to AngII of SMC-HIF-1α-KO MA. 

Ang-II-induced signaling was unchanged in VSMC isolated from SMC-HIF1α-KO vs. 

HIF1α-WT thoracic aorta (Fig. S4), strongly suggesting that increased ATR1 expression, 

and not an intrinsic alteration in Ang-II-induced signaling, was primarily responsible for the 

hyper-contractility to Ang-II.

It has been previously reported that PPARγ, but not PPARα activators reduced ATR1 

mRNA expression in VSMC in culture 14, and that PPARγ over-expression in pathological 

cardiac hypertrophy is HIF-1α-dependent 23. Hypothesizing that the reciprocal relationship 

we observed between HIF-1α and ATR1 levels is mediated via HIF-1α effects on PPARγ, 

we examined PPARγ expression. PPARγ mRNA was markedly reduced in VSMC lacking 

HIF-1α versus control (Fig. 5E). Exploring this further, we showed in human VSMC 

(hVSMC) that the PPARγ agonist rosiglitazone reduced ATR1expression, while siRNA 

knockdown of PPARγ significantly increased ATR1 levels, preventing the rosiglitazone 

effects (Fig. 5F). These data confirmed a reciprocal biological link between PPARγ 

activation and ATR1 expression.

Ad-HIF-1α, expressing a stabilized form of HIF-1α, markedly increased PPARγ protein 

levels and concomitantly decreased ATR1 levels (up to 50%) in hVSMC. PPARγ 

knockdown with siRNA abolished the HIF-1α-driven decrease in ATR1 levels, thus 

demonstrating that HIF-1α effects on ATR1 levels were mediated via PPARγ. Together, 

these data established the functional importance of a previously unknown HIF-1α/PPARγ/

ATR1 axis in VSMC.
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Discussion

Despite numerous reports documenting the important role of HIF-1α in transcriptional 

control of angiogenesis during development and pathological conditions 21, 29–32, the 

contribution of VSMC-HIF-1α to vascular homeostasis in vivo has not yet been defined. 

Here we show that HIF-1α is a critical regulator of systemic BP through a HIF-1α/PPAR-γ/

ATR1 axis. This conclusion is supported by data showing that the loss of HIF-1α in VSMC 

increased both the contractility of MA to AngII ex-vivo, and BP in vivo. Telm abolished the 

latter effect, indicating an important role of ATR1 in the HTN phenotype of SMC-HIF-1α-

KO mice. Further, the role of HIF-1α in controlling ATR1 levels was corroborated by in 

vitro experiments showing that HIF-1α directly controlled PPAR-γ expression, which in 

turn negatively regulated ATR1 levels. These effects were inhibited by siRNA knockdown 

of PPAR-γ, and simulated by rosiglitazone, suggesting that these pathways are genetically 

epistatic 33. Collectively these results support a key role for HIF-1α/PPAR-γ/ATR1 axis in 

controlling vascular contractility to AngII and BP in vivo.

These findings also underscore the importance of HIF-pathway in vascular cells. Oxygen 

availability is a critical regulator of vascular tone, with differential effects on pulmonary 

versus systemic vascular beds 34. Although the link between oxygen and vascular tone is 

complex, based on our data we propose that oxygen sensing by HIF in VSMC plays a 

critical role in fine-tuning these direct vascular responses to oxygen levels. As a 

transcriptional pathway coordinating gene expression with oxygen availability, HIF is not 

likely to mediate acute/immediate responses to changes in oxygen tension, but is more likely 

to alter VSMC gene expression in a manner that determines the magnitude of contractile 

responses of these cells to specific mediators of vascular tone, as we show here for AngII. 

Interestingly, the HIF-pathway has been shown to be responsive, directly or indirectly, to 

other factors the vasculature is exposed to in addition to oxygen tension, including reactive 

oxygen species, nitric oxide and glucose levels. A complication of diabetes is the abnormal 

response to hypoxia due to an impaired stabilization of HIF-1α under hyperglycemic 

conditions 35. Considering that diabetes as well as metabolic syndrome are risk factors for 

the development of HTN, it is reasonable to consider that in this scenario, HIF-1α/PPARγ/

ATR1 axis here delineated could be a critical mechanism in the pathogenesis of vascular 

dysfunction. Consistent with our findings, a recent study reported that mice expressing a 

smooth muscle-specific dominant-negative PPAR-γ mutant showed increased vascular 

constriction to Ang-II in mesenteric arteries36.

As with many genes, the biological roles of HIF-1α and HIF2α vary dependent upon cell 

type. Although pulmonary HTN was reported in endothelial-HIF2α knockout mice, others 

and we did not observe any systemic HTN in endothelial-HIF-KO mice. Consistent with 

functionally distinct roles of HIF-1α and HIF2α, we did not observe HTN in SMC-HIF-2α-

KO mice (Fig. S5). Despite sm22α-Cre directed excision of HIF-1α also in cardiac muscle, 

our data clearly demonstrated no cardiac contribution to the HTN phenotype, consistent with 

our previous study on cardiac-specific-HIF-1α KO mice, which exhibited instead a mildly 

decreased SBP26.
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Finally, experiments on isolated vascular segments from SMC-HIF-1α KO mice showed 

conclusively that loss of HIF-1α specifically from VSMC accentuated vessel contraction in 

response to AngII, independent of any cardiac effects, and was linked to increased ATR1 

expression. HIF-1α deletion did not alter downstream Ang-II-induced signaling, but this 

data was limited to aortic VSMC. Future studies of signaling in VSMC isolated from MA 

and other resistance vessels are thus needed. Interestingly, similar to endothelial-HIF-1α 

knockout mice 32, the loss of HIF-1α in VSMC did not alter vessel density in multiple 

tissues studied at baseline (Fig. S6), suggesting hypovascularity did not contribute to the 

hypertensive phenotype. Although MA thickening was seen, this wasn’t seen in other 

vessels studied and it remains unclear if this finding was primary to loss of HIF-1α or 

secondary to the HTN.

Focusing on the parameter of vascular tone and its determinants, it is possible that in 

addition to increased ATR1 levels and AngII responsiveness, the loss of other HIF-1α 

associated functions in VSMC contribute to the increased vascular tone in vivo. These might 

include altered expression of HIF-1α-responsive genes encoding vasoactive autocrine or 

paracrine factors, or even changes in levels of vasoactive metabolites as a consequence of 

altered VSMC metabolism caused by the loss of HIF-1α or changes in the expression of 

genes encoding calcium-handling proteins or other ion-associated proteins. Whereas we 

cannot exclude contributions by these alternative mechanisms, we did not observe 

differences in PE or 5-HT-induced contraction in vessel segments from SMC-HIF-1α KO 

mice.

Perspective

In conclusion, here we defined an important previously unknown role of VSMC HIF-1α in 

controlling BP homeostasis, through a mechanism involving HIF-1α/PPARγ/ATR1 axis. 

These findings add to our understanding of how oxygen levels can affect vascular tone in 

physiological and pathological conditions such as diabetes and metabolic syndrome in which 

the axis HIF-1α/PPARγ/ATR1 could be a potential link between hyperglycemia and 

hypertension. This study clearly uncovered an important link between components of HIF-

signaling pathway and clinical HTN, thus warranting further investigation in this area.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

1. What is new?

This is the first report that a) the major oxygen-sensing transcription factor HIF-1α in 

smooth muscle is an important regulatory pathway for blood pressure control, and that b) 

HIF-1α intrinsically controls vascular smooth muscle cell responsiveness to angiotensin 

II by reciprocally regulating the expression of ATR1 in smooth muscle cells, through a 

PPARγ mediated effect.

2. What is relevant?

The HIF-pathway is a major cellular environmental sensing pathway that mediates 

responses to a variety of signals and parameters, including metabolic conditions, reactive 

oxygen species, glucose levels, and others, in addition to oxygen levels. The involvement 

of HIF-1α, via PPARγ, in the control of vascular tone provides an important link between 

these various environmental parameters and control of blood pressure. We propose that 

this link may play an important role in the alterations in blood pressure noted in clinical 

metabolic syndromes and obesity, and that alterations in this HIF-1α-PPARγ-ATR1 axis 

might underlie some cases of clinical hypertension.
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Summary

We demonstrate that the loss of HIF-1α in smooth muscle causes hypertension in vivo 

and hyper-responsiveness of resistance vessels to angiotensin II (AngII) stimulation ex-

vivo. These data correlated with an increased expression of angiotensin II receptor type I 

(ATR1) in the vasculature through HIF-1α-PPARγ axis.
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Figure 1. VSMC-specific deletion of HIF-1α using Sm22α-Cre
(A) To excise the floxed HIF-1α allele from VSMC, we used the Sm22α-Cre transgenic 

mouse line. Homozygous knockout mice (HIF-1α loxP/loxP / Sm22α-Cre+) were designated 

SMC-HIF1α-KO. Littermate mice with the HIF-1αwt/wt / Sm22α-Cre+ genotype, designated 

HIF1α-WT, were used as controls. PCR analysis shows HIF-1α loxp and Sm22α-Cre genes 

on DNA extracted from mouse-tails. (B) RT-PCR for HIF-1α mRNA in SMC-HIF- 1α-KO 

and HIF-1α-WT tissues and blood. (C) To define the spatio-temporal excision of HIF-1α 

gene, Sm-22α-Cre mice were crossed with a Cre-reporter strain mT/mG mice. As depicted, 

SM22α-mediated gene excision (green fluorescence, mG cassette) was restricted primarily 

to VSMC, and to cardiac muscle. Scale bar is 100 μm.
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Figure 2. AngII-induced vasoconstriction was increased in SMC-HIF-1α-KO MA
(A) Elastica van Gieson staining of mesesenteric arterery (MA) cross-sections, and (B) 

quantification of MA wall thickness and wall thickness/radius ratio. (C) Secondary MA 

function was examined with wire myograph. Cumulative concentration response curves to 

(C) AngII, (D) PE, (E) 5-HT, (F) Isop and (G) Ach (10−10–3×10−6 M for Ang-II and 10−8–

3×10−5 M for the other agents). Data are presented as mean±S.E.M. ***p<0.001 vs. 

HIF-1α-WT; n=7 per group.
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Figure 3. VSMC-HIF-1α was critical for BP homeostasis
(A–C) Systolic, diastolic, and mean blood pressure (SBP, DBP and MBP) measured by a 

transducer-tipped catheter in the ascending aorta, were markedly higher in SMC-HIF-1α-

KO mice vs. controls (SBP, n≥18 per group; DBP and MBP, n≥10 per group; ** p<-0.005, 

*** p<0.001, Student’s t-test). (D) Administration of telmisartan (1 mg/Kg, i.v.) resulted in 

an ~ 3-fold greater reduction in basal MBP in SMC-HIF-1α-KO mice vs. controls (n=8 per 

group; ** p<0.005). (E) Mice were injected with telmisartan (1 mg/Kg) or vehicle and BP 

responses to AngII (graduated i.v. dosing) were measured. MBP was significantly greater at 

baseline and at all concentrations of infused AngII (n=8 per group; ***, p≤0.001 for all data 

points by Two-way ANOVA; * p<0.05 intergroup comparisons at each AngII concentration 

by post-hoc t-test).
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Figure 4. Hypertension was not attributable to changes in cardiac function in SMC-Hif1α-KO 
mice
(A) SMC-HIF-1α KO mice had cardiac hypertrophy leading to increased heart-to-body 

weight ratios vs. HIF-1α-WT. (B–D) Echocardiographic analysis in SMC-HIF-1α-KO and 

HIF-1α-WT mice showed a significant increase in IVS, without any effect on LVSd, LVDd, 

or in cardiac function measured as EF and FS. (E) Representative M-mode echocardiogram. 

Effect of dobutamine on first derivate of peak changes ventricular pressure (F) dP/dtmin, 

(G) dP/dTmax and (H) heart rate in SMC-HIF-1α-KO and control mice (n=10 per group).
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Figure 5. The loss of HIF-1α in VSMC induced PPARγ-mediated increase of ATR1 expression
(A) Q-RT-PCR demonstrated a significant increase in ATR1 mRNA in VSMC, aorta, and 

heart from SMC-HIF-1α KO vs. HIF-1α WT mice (18S normalized). (B–C) Western blot 

(WB) with quantification of ATR1 and β-actin expression in thoracic aorta from both 

genotypes. n=5, ** p<0.01. (D) Representative immunofluorescent staining of HIF-1α-WT 

and SMC-HIF-1α-KO MA cross-sections for ATR1 (red) and DAPI (blue). Auto-

fluorescence of the elastic lamina is in green. (E) Q-RT-PCR showing marked reduction of 

PPARγ mRNA in thoracic aorta from SMC-HIF-1α-KO vs. HIF-1α-WT mice (18S 

normalized). (F) anti-PPARγ-siRNA and ctr-siRNA treated hVSMC were incubated with 

vehicle or rosiglitazone (50 μM; 12h), and PPARγ and ATR1 expression evaluated by WB 

analysis (β-actin loading control). The densitometric ATR1/β-actin ratio for control treated 

cells (vehicle without rosiglitazone and with control siRNA) is set at 1.00, and all other 

densitometric ratios are relative to this control baseline ratio. Activation of PPARγ by 

rosiglitazone decreased ATR1, an effect prevented by siRNA knockdown of PPARγ. (G) 

WB analysis for HIF-1α, ATR1, PPARγ and HSP90 of control and PPARγ-siRNA treated 

hVSMC following by infection with Ad-HIF-1α or Ad-ctr. HSP90 was used as loading 

control (PPARγ/HSP90 and ATR1/HSP90 densitometry ratios are relative to control ratios 

set at 1.00). WB were representative of four independent experiments. ** P<0.01 vs. 

HIF-1α WT.
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